Edoxaban in Non-Valvular AF doses up to 60 mg twice daily (BID) for a maximum of 4 weeks was well tolerated, and biomarker evaluations suggested suppression of endogenous thrombogenesis at doses ≥5 mg. 10 A larger phase II study in Europe and North America comparing edoxaban 30 mg once daily (QD), 30 mg BID, 60 mg QD, and 60 mg BID for 12 weeks in patients with NVAF and a CHADS2 score of ≥2 demonstrated that the incidence of major or clinically relevant non-major bleeding with edoxaban 30 and 60 mg QD was similar to that of warfarin. 11 The aim of the present study was to assess the incidence of bleeding associated with edoxaban 30 mg, 45 mg, and 60 mg QD compared with warfarin in Japanese patients with NVAF.
Methods

Study Design
This was a multicenter, randomized, dose-ranging study of edoxaban (double-blind to dose) and open-label warfarin performed at 61 study sites in Japan. The protocol was approved by an institutional review board at each participating center, and all patients provided written informed consent. This study was conducted in accordance with principles originating in the Declaration of Helsinki and in compliance with Good Clinical Practice guidelines and local regulatory requirements.
Patients
Patients aged ≥20 years with NVAF documented by electrocardiogram at least twice within 12 months and a CHADS2 score ≥1 were eligible. Patients were excluded if they had any of the following: history of intracranial, intraocular (excluding subconjunctival), intraspinal, retroperitoneal, or atraumatic intra-articular bleeding; gastrointestinal bleeding during the past year; hemoglobin <100 g/L or platelets <100,000/μl at screening; cerebral infarction or transient ischemic attack that occurred within 30 days; history of valvular surgery; concurrent treatment with anticoagulants (excluding warfarin); comorbid rheumatic valvular disease, infective endocarditis, atrial myxoma, or serious heart disease; left ventricular or left atrial thrombus; renal or hepatic dysfunction; body weight <40 kg; pregnancy or lactating.
Study Treatments
Patients were randomly assigned to double-blinded edoxaban 30 mg, 45 mg, or 60 mg QD or open-label warfarin doseadjusted to a target prothrombin time expressed as an international normalized ratio (PT-INR) of 2.0-3.0 and 1.6-2.6, for patients aged <70 and ≥70 years, respectively, in accordance with Japanese treatment guidelines. 3,12 Based on prospective study results in Japanese patients, 13 Japanese treatment guidelines recommend a target INR of 1.6-2.6 for patients aged 70 or older on warfarin treatment. After randomization, pretreatment PT-INR was measured for warfarin-experienced patients. Patients randomized to edoxaban with previous warfarin exposure and a PT-INR ≥2.0 were entered into a run-in period for ≤6 weeks to reduce the PT-INR to <2.0. In the warfarin group, warfarin-naïve patients and warfarin-experienced patients aged <70 years with a PT-INR <2.0 or >3.0 (PT-INR <1.6 or >2.6 for patients aged ≥70 years) began a run-in period with warfarin for ≤6 weeks to achieve a target PT-INR of 2.0-3.0 (1.6-2.6 in patients aged ≥70 years). Treatment was initiated on attaining the target PT-INR. Patients not requiring the run-in started study treatment the day after pretreatment assessment. Patients were randomized using the specifications of dynamic allocation procedures. Treatment was assigned using the biased coin method, with the presence/absence of prophylactic warfarin upon registration as an adjustment factor. Duration of the study drug treatment was 12 weeks, with follow-up at 4 and 8 weeks. Medication compliance was assessed by collecting remaining drugs at every visit and patient interviews at study visits.
Outcome Measures
The primary endpoint was the incidence of all bleeding events (major, clinically relevant non-major, and minor bleeding), including asymptomatic intracranial hemorrhage (ICH), during the 12-week treatment period. Major bleeding was defined as life-threatening bleeding; intracranial, intraspinal, intraocular (excluding subconjunctival), retroperitoneal, intraarticular, or intrapericardial bleeding; clinically overt bleeding accompanied by a decrease in hemoglobin of ≥20 g/L; or bleeding requiring transfusion of ≥4 units of blood (1 unit= approximately 200 ml). Clinically relevant non-major bleeding was defined as bleeding not meeting the criteria for major bleeding, but consisting of hematoma ≥5 cm in diameter; epistaxis or gingival bleeding ≥5 min in the absence of external factors; gastrointestinal bleeding; gross hematuria persistent 24 h after onset; asymptomatic cerebral hemorrhage; or other bleeding requiring discontinuation of study treatment. Minor bleeding was defined as bleeding not meeting the definition of major or clinically relevant non-major bleeding, including gross hematuria, urinary occult blood graded "2+" or more severe, or urinary occult blood graded "+" and urinary sediment (red blood cell) of ≥10/HPF; or subcutaneous bleeding, epistaxis, and gingival bleeding occurring in the absence of external factors. All bleeding events were assessed by an independent Event Assessment Committee.
Asymptomatic ICH was defined as a newly detected hemorrhage on computed tomography (CT) or magnetic resonance imaging (MRI; both T1 and T2) based on assessment of preand post-treatment images. All images were assessed by an Asymptomatic ICH Committee that was blinded to treatment assignment.
Secondary endpoints consisted of thromboembolic events including stroke assessed by an independent Event Assessment Committee; PD parameters (D-dimer, prothrombin fragment 1+2 [F1+2], and thrombin anti-thrombin complex); plasma drug concentration after 4 and 8 weeks of treatment; and safety endpoints including adverse events (AEs) and adverse drug reactions (ADRs) during treatment. Bleeding-related AEs included major, clinically relevant non-major, minor, and other bleeding (not classified under the category of bleeding events). The incidence of both L-aspartate aminotransferase (AST) (glutamic oxaloacetic acid transaminase [GOT]) and L-alanine aminotransferase (ALT) (glutamic pyruvic acid transaminase [GPT]) ≥3 times the upper limit of normal (ULN) and total bilirubin ≥2 times ULN, or either AST (GOT) or ALT (GPT) ≥3 times ULN and total bilirubin ≥2 times ULN was also recorded.
PK and PD Evaluations
Samples for PK measurements were collected at predose, 1-3 h postdose, and 4-8 h postdose in week 4 and at predose in week 8. Plasma concentrations of edoxaban were determined using a liquid chromatography tandem mass spectrometry method. The lower limit of quantification for edoxaban in plasma was 1 μg/L. Samples for PD measurements were collected as follows: in the edoxaban groups at trough, and 1-3 h postdose in week 4, at predose in week 8 or 12, or at the time of discontinuation, and at 4 and 8 weeks after study end or discontinuation; in the warfarin group at trough, in weeks 4, YAMASHITA T et al. 8 , and 12 or at the time of discontinuation, and at 4 and 8 weeks after study end or discontinuation.
Statistical Analysis
On the basis of the results of a previous warfarin-controlled study of ximelagatran in patients with NVAF, 14 it was estimated that the incidence of bleeding events in the warfarin group would be 15%. Based on the assumption of a similar incidence of bleeding events with edoxaban, sample size was estimated to require 104 patients to achieve a 95% confidence interval (CI) divided by 2 for the intergroup difference determined using the Score method. The target number of patients was set at 125 per group, assuming that 20% of the patients would be excluded from the analysis.
Primary endpoint analyses were performed in the full analysis set (FAS), defined as all patients who received at least 1 Current smoking, n (%) 21 (16) 23 (18) 18 (13) 24 (18) Current alcohol use, n (%) 84 (65) 85 (65) 80 (60) 74 (57) CrCl <0.835 ml/s, n (%) 16 (12) 13 (10) 21 (16) 16 (12) Concomitant aspirin use 29 (23) 32 (25) 33 (25) 38 (29) QD, once daily; BMI, body mass index; CHF, congestive heart failure; TIA, transient ischemic attack; CrCl, creatinine clearance. Edoxaban in Non-Valvular AF dose of the study drug. The incidence of bleeding events and 95% CIs were calculated for each treatment group. The difference in incidence of bleeding events between the warfarin group and each edoxaban group, and 95% CIs were calculated. A paired comparison between the edoxaban groups was performed using the χ2 test as well as Fisher's exact test. The hypotheses (null hypothesis: incidence of bleeding in all edoxaban groups is the same; alternative hypothesis: incidence of bleeding for edoxaban 30 mg ≤ 45 mg ≤ 60 mg) were tested using the Cochran-Armitage test with a 1-sided 0.025 significance level. The time to bleeding events was analyzed using the proportional hazard model, and cumulative incidence of bleeding was analyzed by the Kaplan-Meier method. Exploratory analyses of the primary endpoint were performed using a logistic model with major, major and clinically relevant nonmajor, or all bleeding events as objective variables. The variables were selected using a stepwise procedure with a 2-sided 0.15 significance level for both inclusion and exclusion criteria.
The incidence and 95% CIs were calculated for thromboembolic events. The PK and PD analysis sets were defined as patients in the FAS with valid plasma edoxaban concentrations, and a PD index or biomarker data measured at ≥1 time points, respectively. Plasma drug concentrations, PD parameters, and biomarkers were summarized at each time point by treatment group. Mean and median Cmin (plasma concentration of edoxaban in the blood sample drawn just before administration of the study drug at day 28) and 95% CIs were calculated.
Incidence of AEs and ADRs and 95% CIs were calculated by treatment group; the difference in incidence between treatment groups and 95% CIs were also calculated.
Results
A total of 536 patients were enrolled in the study between April 2007 and July 2008; 525 patients were included in the analysis of the primary endpoint (Figure 1 ). There were no differences in patient demographics or baseline characteristics ( Table 1) . Overall, time within target INR range 15 was 83% for patients aged ≥70 years (INR 1.6-2.6), and 73% for patients aged <70 years (INR 2.0-3.0).
Primary Endpoint
Bleeding The incidence of all bleeding events increased with increasing edoxaban doses and was higher in the edoxaban 60-mg group than in the warfarin group (Figure 2, Table 2) . A comparison between edoxaban doses showed no significant differences among edoxaban doses or between any edoxaban group and warfarin. The incidence of major, or major and clinically relevant non-major bleeding also increased with increasing edoxaban doses, but the difference was not significant. There was 1 fatal cerebral hemorrhage in the edoxaban 60-mg group. Of the 536 patients enrolled, 17 patients did not fulfill the assessment criteria for asymptomatic ICH. The remaining 519 patients (391 edoxaban, 128 warfarin) were evaluated: 431 CT, 81 MRI, and 7 CT/MRI. There were no cases of asymptomatic ICH. Between treatment groups, significant differences in blood pressure during the treatment period were not found.
Although a trend of dose-related increased bleeding was observed, a significant dose response was not found with edoxaban for all, major, or major and clinically relevant nonmajor bleeding events (Cochran-Armitage test: P=0.038, P= 0.134, and P=0.058, respectively). The incidence of bleedingrelated AEs increased dose-dependently (Cochran-Armitage test: P=0.002 [1-sided, 0.025 significance level]) and was significantly higher in the edoxaban 60-mg group compared with the 30-mg group ( χ2 test: P=0.003). Hazard ratios for all bleeding events relative to the warfarin group were 0.939, 1.124, and 1.458 in the edoxaban 30-mg, 45-mg, and 60-mg groups, respectively; all of the 95% CIs included 1.
In an exploratory subgroup analysis, logistic regression suggested body weight (≤60 kg) as an important covariate for all bleeding events, including major and clinically relevant nonmajor bleeding. When stratified by body weight, the incidence of major and clinically relevant non-major bleeding was higher in the ≤60-kg subgroup than in the >60-kg subgroup for all doses (Figure 3) . The incidence of all bleeding events in patients ≤60 kg was almost twice that of patients >60 kg in the edoxaban 60-mg and warfarin groups. Concomitant administration of aspirin was also an important covariate for bleeding events, based on subgroup analysis and logistic regression analysis (data not shown).
Secondary Endpoints
Thromboembolic Events There was only 1 thromboembolic event in the edoxaban 45-mg group. The patient had a history of cerebral infarction with a CHADS2 score=2. Cerebral infarction was diagnosed by the investigator based on signs and symptoms; a CT scan of the brain revealed no hemorrhagic lesions or new infarcted lesions. The investigator's evaluation was supported by the Event Assessment Committee.
PK/PD Edoxaban dose dependently prolonged PT-INR at 1-3 h postdose in treatment weeks 4 and 12 (P<0.001). Prolongation of PT-INR with edoxaban was more pronounced in warfarin-naïve patients. Similar results were observed with PT and activated partial thromboplastin time.
In warfarin-naïve patients, the D-dimer decreased in 12 weeks compared with the pretreatment values in all edoxaban groups and the warfarin group. In warfarin pretreated patients, D-dimer did not change in all edoxaban groups and the warfarin group (Figure 4) . There was also a trend for decreases in F1+2 in the warfarin-naïve subgroup (data not shown).
Cmin increased with increasing edoxaban doses. When patients were stratified by body weight, Cmin in the ≤60-kg subgroup was higher than the Cmin in the >60-kg subgroup with all doses; in the edoxaban 60-mg group, Cmin in the ≤60-kg subgroup was 1.8 times that in the >60-kg subgroup.
AEs
Compared with warfarin, the incidence of AEs (mostly mild) was lower in the edoxaban 30-mg group and higher in the 45-mg and 60-mg groups. The most common AEs in the edoxaban groups were: blood in the urine, nasopharyngitis, epistaxis, subcutaneous hemorrhage, and increased gamma-glutamyltransferase. The incidence of severe AEs was 0.8% (1/130) in the edoxaban 60-mg group, 1.6% (2/125) in the warfarin group, and none in the edoxaban 30-mg and 45-mg groups. In the warfarin group, 1 patient had congestive heart failure and 1 patient experienced sudden death.
In the edoxaban 60-mg group, AST (GOT) or ALT (GPT) levels were each elevated ≥3 times ULN in 2 patients; 1 patient in the warfarin group had ALT (GPT) ≥3 times ULN. One patient had AST (GOT) or ALT (GPT) ≥3 times ULN and a total bilirubin ≥2 times ULN. This patient was randomized to the edoxaban 60-mg group and had a drinking habit. Levels decreased without intervention. YAMASHITA T et al.
Discussion
The present study provided us with several findings of interest. Edoxaban caused a trend of dose-dependent increase in the incidence of all bleeding events, and the risk of all bleeding was numerically higher in the edoxaban 60-mg group than in the warfarin group, although these differences were not statistically significant. At the same time, the risk of major, or major and clinically relevant non-major bleeding in each edoxaban group was not statistically different from that in the warfarin group, even when asymptomatic ICH adjudicated by the asymptomatic ICH committee was included as a clinically relevant bleeding event on the basis that asymptomatic ICH is a risk factor for future symptomatic ICH in patients on warfarin. 16,17 Some exploratory analyses were conducted to determine the cause of the dose-related trend in bleeding risk and to confirm the clinical meaning of these observations.
The exploratory analyses suggested that the risk of major and clinically relevant non-major bleeding, or all bleeding in underweight patients (≤60 kg) was higher than that in the Difference from warfarin -- higher weight patients (>60 kg) in each edoxaban group, and that the low body weight was an independent risk factor for increased major and clinically relevant bleeding, or all bleeding in the edoxaban groups. Actually, the incidence of major and clinically relevant non-major bleeding in the edoxaban 45-mg and 60-mg groups was approximately thrice that of the warfarin group, and the incidence of all bleeding in the edoxaban 60-mg group was also approximately twice that of the warfarin group in the underweight patients. These body weightdependent differences in the bleeding risks might be, at least in part, associated with the primary analysis results and also the trend in dose-dependent increasing risks in the total pa- tients. Dose reduction could be beneficial for underweight patients (≤60 kg) receiving edoxaban 45 mg and 60 mg QD. In another dose-finding study of patients with NVAF conducted in Europe and North America, the incidence of bleeding in the edoxaban 60-mg QD group was similar to warfarin. 11 The present study differs from the other dose-finding study with respect to: (1) edoxaban 45-mg QD dose was evaluated; and (2) when the results of edoxaban 30 mg and 60 mg QD were compared, there was a large number of major plus clinically relevant non-major bleeding events in the edoxaban 60-mg group in the study. However, several differences in the backgrounds of the enrolled patients should be taken into consideration in comparing the present study results with previous studies; these include race, a higher proportion of males, lower proportion of warfarin-naïve subjects and aspirin users, and lower body weight. In particular, the mean body weight in this study was approximately 65 kg, while it was approximately 88 kg for the study conducted in Europe and North America. 11 There were <5% of patients with a body weight ≤60 kg in the other study, which is very few in comparison to this study.
It has been reported that the risk of bleeding with anticoagulant or antiplatelet therapy is higher in Asian patients including Japanese than in Western patients. 18, 19 Some potential factors that cause the difference in bleeding risk with antithrombotic therapy between races have been reported; however, a definite cause has not been identified. 20-23 Also, our study revealed that low body weight caused increased exposure to edoxaban and risk of bleeding in a Japanese population. Therefore, low body weight was assumed to be an independent risk factor of edoxaban for increased bleeding. Collectively, the difference between this study and the other study might be explained, at least in part, by ethnic difference and body weight.
This study was not designed to assess the effect of edoxaban on preventing thromboembolic events in patients with NVAF. However, treatment with edoxaban decreased thrombotic biomarkers, suggesting its potential for preventing thromboembolic events. In a phase II trial with AZD0837, a direct thrombin inhibitor, 24 a dose-dependent decrease in D-dimer was similarly seen in VKA-naïve patients; this result is mostly in agreement with this study and might be a characteristic common to the new anticoagulants.
This study has several limitations: (1) an open-label warfarin management group; (2) a small number of patients; (3) the target INR for patients aged ≥70 years on warfarin treatment was managed differently from that of other countries based on the Japanese treatment guideline; (4) a short treatment period (12 weeks); and (5) the study was not powered to assess the efficacy of edoxaban. Also, bleeding is dependent on many factors, including baseline patient characteristics (eg, demographics, comorbidity, and disease status), prior warfarin administration, and the duration of administration of a new anticoagulant. Further studies will be needed on this issue.
The ENGAGE AF-TIMI 48 study of edoxaban (NCT 00781391) is now underway in 46 countries, including Japan, to assess edoxaban 30 mg and 60 mg QD vs. warfarin for the prevention of stroke and systemic embolic events in patients with NVAF. 25 The study will also provide an opportunity to investigate differences in the risk of bleeding between Japanese and Westerners, identify factors that can influence bleeding risk, and determine the effect of dose adjustment of edoxaban on efficacy and safety.
In conclusion, these study results suggest that edoxaban at doses of 30 mg, 45 mg, and 60 mg QD in patients with NVAF is associated with a slight, but not statistically significant increase in bleeding compared with warfarin. Subgroup analysis suggests that an edoxaban dose reduction might be considered in patients with low body weight (≤60 kg).
